Background: Caudal block with levobupivacaine or ropivacaine is the most commonly used regional anaesthesia in children. Methods: The aim of study was to compare the cardiocirculatory profile induced in two matched groups of young patients, submitted to caudal anaesthesia with levobupivacaine or ropivacaine for an elective subumbilical surgery. Sixty children were enrolled: thirty received levopubivacaine 0.25% and thirty ropivacaine 0.2%. Intraoperative heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP) were monitored at following times: Ta0 (after anaesthesia induction), Ta1 (after caudal anaesthesia), Ta2 (five minutes later), Ta3 (ten minutes later), Ts1 (at surgical incision), Ts2, Ts3, Ts4, Ts5 (every 10 minutes during surgery), Taw (at the awakening). Results: In both groups the cardiocirculatory trend remained within normal ranges at all times considered, demonstrating the safety of the method with both drugs. Both groups showed a similar trend at the different monitoring times: low decrease in HR, SBP and DBP after caudal block, slight increase in parameters after skin incision, slight decrease during surgery, increase at awakening. Regarding SBP and DBP, the levobupivacaine group children generally showed higher levels compared to the ropivacaine group, especially for DBP. Conclusions: Paediatric caudal anaesthesia is an effective method with an very infrequent complication rate. Possible hypotheses for differing haemodynamic behaviour could include a stronger vasoconstriction reflex of innervated areas during caudal anaesthesia with levobupivacaine and a lower levobupivacaine induced block of the sympathetic fibers, related to different pharmacokinetic profile of low concentrations of the local anaesthetics used in paediatric epidural space.
Introduction
the advantages of regional anaesthesia are well known: reduction of metabolic and hormonal effects of the surgical stress response, reduction of the general anaesthetics required, good efficacy for postoperative analgesia. Caudal block is the most commonly used regional anaesthesia in children. it is in fact the technique of choice for operations on t9-t10 methamers. the majority of day surgery procedures below the diaphragm can thus be carried out with this single shot technique. Furthermore, caudal anaesthesia is easy to perform. 1,2 in clinical practice, one of the main topics has become the choice of an effective and safe drug, or combination of drugs. 3, 4 Bupivacaine has for many years been the most commonly given local anaesthetic of prolonged effect for paediatric caudal blocks. however several reports have described serious and difficult to treat cardiovascular and central-nervous toxicity when this agent was given at toxic doses or inadvertently injected into the intravascular space. Bupivacaine, on account of its avidity to the sodium channels, can in fact precipitate severe cardiovascular collapse, as a result of reduced heart contractility or impaired diastolic function, and negative effects upon conduction or ventricular arrhythmias. 5, 6, 7, 8 More recently, two other local anaesthetics have been introduced: ropivacaine and levobupivacaine. ropivacaine, the first single levorotatory isomer formulation for clinical use, is a long-acting drug, very similar in structure to bupivacaine, but apparently with a lower cardiac and neuro toxicity and a slightly greater sensory selectivity. 9, 10, 11 Compared to its congener, levobupivacaine, the single levorotatory isomer of bupivacaine, presents a slightly lower myocardial depression, arrhythmogenic effect and neuro toxicity, while retaining similar local anaesthetic properties. 12, 13 on the whole, therefore, preliminary evidence suggests that ropivacaine and levobupivacaine may be associated with less systemic toxicity. 14, 15 Clinical studies focused on intra and postoperative analgesia confirm their safety and show their increasing use for paediatric caudal anaesthesia. 16 ,17 to our knowledge, few studies on the intraoperative cardiovascular performance during caudal anaesthesia in children have been conducted and no investigation on the intraoperative haemodynamic comparison between levobupivacaine and ropivacaine. 18 the aim of the present study was to compare the cardiocirculatory profile induced in two matched groups of young patients, submitted to caudal anaesthesia with levobupivacaine or ropivacaine for an elective sub-umbilical surgical procedure.
Material and Methods
heart rate and blood arterial pressures (systolic and diastolic) were taken as parameters of reference in the study. to detect a significant difference, a study group size of 60 children was needed to achieve a power of 90% [α=5%]. randomization was performed with a computer-driven random number sequence and sealed in an opaque envelope. the study was approved by the hospital's ethical Committee and received written informed consent. All children scheduled for a surgery due to phimosis or a pathology of the peritoneal-vaginal ductus were eligible for the study. the exclusion criteria included: emergency surgery, a known hypersensitivity to amide-type local anaesthetic, age lower than 2 years and greater than seven, a high anaesthesia risk class (ASA iii -iV), severe renal, hepatic, respiratory or cardiac disease, neurological or neuromuscular disease, haemostasis and coagulation disorders, systemic sepsis, infection of the soft tissues over/around the sacral iatus. After obtaining written consent from parents, the sealed opaque envelope that assigned a child to the designated group was opened and the child recruited. Sixty children were enrolled between September 2008 and January 2010. thirty children received levopubivacaine and thirty ropivacaine. A standardized pre-anaesthesia consisting of diazepam (0.2 mg/kg) and atropine (0.015 mg/kg) orally was administered 45 minutes before anaesthesia induction. in children five years old or less, anaesthesia was induced through a mixture of oxygen, air and sevoflurane at a concentration increasing from 1% to 8%. For children older than five years, intravenously propofol (2.5-3 mg/kg) was used. in all children, general anaesthesia was maintained through a mixture of oxygen, air and sevoflurane (endtidal concentration between 1.5 and 2.5%). the airway was controlled with a laryngeal mask and ventilation was maintained spontaneously or assisted in order to obtain an end-tidal Co 2 (PetCo 2 ) < 50 mmhg. Caudal anaesthesia was then performed as follows. the child was turned onto the left lateral position and 1 ml/kg of local anaesthetic was injected into the caudal space using a 22-gauge needle (epican Paed Caudal ®, B-Braun, Melsungen, germany). the local anaesthetic solution was injected in approximately 60 sec. in children in the ropivacaine group, the anaesthetic was given at a concentration of 0.2% and a dosage of 2 mg/kg, in the others levobuvicaine was administered at a concentration of 0.25% and a dosage of 2.5 mg/kg. A minimum time interval of 10 minutes was established between the completion of caudal anaesthesia and skin incision. dextrose 5% in quarter-strength normal saline solution (0.2% naCl) and lactated ringer's solution were administered according to the following scheme: during the first hour, in children under 3 yrs the infusion rate was 20 ml/kg, in older children the rate was 15 ml/kg; the infusion dosage was 8-10 ml/kg/h for all patients in the subsequent hours. intraoperative heart rate (hr), systolic blood pressure (SBP) and diastolic blood pressure (dBP) were monitored (integrated Modular hP System ®, hewlett-Packard, Palo Alto Ca) and registered at the following times: ta0 (when anaesthesia induction was completed), ta1 (when caudal anaesthesia was completed), ta2 (five minutes later) , ta3 (ten minutes later), ts1 (at the surgical incision), ts2, ts3, ts4, ts5 (every 10 minutes during surgery), taw (at the awakening). Arterial oxygen saturation (Spo 2 ) by pulse oximetrix, PetCo 2 and body temperature (integrated Modular hP System ®, hewlett-Packard, Palo Alto Ca) were also continuously monitored. in our study caudal block effectiveness at the start of surgery was defined as the absence of gross or subtle movements and the absence of significant (> 20%) increase in pulse rate or blood pressure. the values (mean and range) reported by gregory as normal according to age class were assumed as standard point of reference. 19 intraoperative bradycardia and arterial hypotension are defined as a decrease of > 30 % from baseline. 20 
Statistics
Analysis of data was performed with the Stata 7 software program. data underwent descriptive statistics. to study the effects of levobupivacaine and ropivacaine on hr, SBP, dBP an analysis between samples (over time) and within samples (time by time) was carried out. For the first purpose, variance analysis and Student's test were applied to compare within the same sample data recorded at a given time with those recorded at the subsequent times. For the second objective, Student's test was applied to compare data collected in a group at each time with those collected in the other sample at the corresponding time.
Results
the block was efficacious in all patients. no children needed an additional intravenous analgesic intraoperatively. Furthermore, there were no complications either in relation to the general anaesthesia or the surgery. no CArdioCirCulAtorY CoMPAriSon BetWeen leVoBuPiVACAine And roPiVACAine during PAediAtriC CAudAl AnAeStheSiA 135 Considering the trend of cardiocirculatory parameters in each of the two groups, a substantial agreement in trends at the various times can be noted throughout the entire procedure. in the levobupivacaine group (Fig 1) SBP shows a low decrease after caudal anaesthesia. All three parameters increase after skin incision, with significance in ts1 for SBP (p=0.04). during surgery pressure values were constant, the hr being significantly lower at ts2 with respect ts1 (p=0.01), at ts4 with respect ts3 (p=0.02) and at ts4 with respect ts5 (p=0.0001). A significant peak pressure and heart rate increase was registered at the awakening (taw) compared with all the other times. A similar trend was also seen in the ropivacaine group (Fig 2) . hr, SBP, dBP show a moderate decrease after the caudal block. the heart rate showed a statistically significant tendency to decrease between ta2 and ta3 (p=0.05). After the skin incision all three parameters increase at ts1 and in particular hr and SBP significantly compared to ta3 (respectively p=0.05 and p=0.04). during the course of the surgery the three parameters tended to decrease slightly: in particular significance for hr was noted between ts1 and ts2 (p=0.03), between ts3 and ts4 (p=0.02) between ts4 and ts5 (p=0.01), for SBP and dBP between ts1 and ts2 (respectively p=0.05 and p=0.04). the heart rate and the systolic blood pressure increase significantly compared to all the other respective times at the awakening. inter-samples differences time by time. regarding heart rate, no significant difference was identified between groups at any time (Fig 3) . tS2, where the levobupivacaine group showed significantly higher values (93.9 ± 6.1 mmhg vs 89.5 ± 9.3 mmhg with p=0.03). regarding diastolic blood pressure, higher levels in the levobupivacaine group were noted compared to the children treated with ropivacaine at each time considered (Fig 5) . in particular, significance is present at the following five times: ta3 (48.1 ± 5.6 mmhg vs 43.2 ± 3.1 mmhg with p=0.01), ts2 (48.1 ± 4.4 mmhg vs 43.0 ± 2.8 mmhg with p=0.006), ts3 (48.2 ± 6.9 mmhg vs 43.3 ± 3.1 mmhg with p=0.002), ts4 (46.5 ± 5.0 mmhg vs 42.3 ± 3.1 mmhg with p=0.02), ts5 (48.5 ± 6.1 mmhg vs 43.1 ± 3.1 mmhg with p=0.02) and taw (54.3 ± 9.6 vs 46, 6 ± 6.4 with p=0.01).
Discussion
Caudal block is the most commonly used regional anaesthesia in children. it combines the advantages of a simple and safe procedure with a good postoperative analgesia. 4 Since ropivacaine and levobupivacaine became available, regional anaesthetic techniques, in particular caudal anaesthesia, have become increasingly more wide-spread among the paediatric population, rapidly achieving reliability in terms of safety. 11,12 the lack of serious cardiocirculatory side effects associated with these two local anaesthetics, represents one of the main factors allowing us to believe that the safety of this technique is consolidated. to our knowledge, though, no findings about the comparison on the intraoperative cardiocirculatory performance between ropivacaine and levobupivacaine have been reported during caudal block in children. When regional anaesthetic techniques are used, three methodological points need to be discussed: the anaesthetic concentrations, the relative potency and the volume of administration. in the study here reported, we used the commercially available concentrations i.e. 0.25% for levobupivacaine and 0.20% for ropivacaine. Among studies already published, some authors chose the same option (commercial distinction), others used the same concentration (either at 0.25% or 0.20%) while others tested lower concentrations (0.125%). 16,17,21,22,23,24,25,26,27 the objective of all these investigations was to examine the clinical effectiveness of such drugs in terms of postoperative analgesia and motor blockade. A recent study on the haemodynamic effects of levobupivacaine after paediatric caudal anaesthesia evaluated by transesophageal doppler was carried out with levobupivacaine 0.25%. 18 to compare two local anaesthetics, the definition of their relative potency is an important step. its inference from CArdioCirCulAtorY CoMPAriSon BetWeen leVoBuPiVACAine And roPiVACAine during PAediAtriC CAudAl AnAeStheSiA 137 Figure 2 . Trend of hR, Sbp, Dbp in the ropivacaine group at the following times: Ta0 (at the end of anaesthesia induction), Ta1 (at the end of caudal anaesthesia), Ta2 (five minutes later), Ta3 (ten minutes later), Ts1 (at the of surgical incision), Ts2, Ts3, Ts4, Ts5 (every 10 minutes during surgery), Taw (at the awakening). The figure shows the significance for the three parameters at the different times. at Taw the symbols *, # indicate a statistical significance respectively of hR and Sbp compared to all the preceding times.
the clinical efficacy is an irresolute and ambiguous strategy, whereas the determination of the minimum effective local analgesic concentration (MlAC) is a rational means to overcome such a problem. the MlAC method was applied to 60 women undergoing epidural analgesia with levobupivacaine and bupivacaine and no difference was found (0.083% versus 0.081% respectively). 28 in contrast, using very low concentrations of ropivacaine appears to be 40% less potent than bupivacaine and almost equipotent with levobupivacaine. 29 the MlAC of local anaesthetic drugs has never been assessed in children submitted to caudal anaesthesia. however, since the concentration used in pediatric age (0.20% -0.25%) may reach the upper, flatter portion of the dose-response curve, such a characteristic may lose its importance since in that part of the curve, the potency differences are obscured. Furthermore a recent study showed that there were no significant differences in the ed 50 for caudal levobupivacaine and ropivacaine; the potency ratio at ed 50 was 0.92 and 0.89 at ed 95 , indicating that caudal levobupivacaine and ropivacaine have a similar potency. 30 As for the volume of administration of the local anaesthetic solution, we always used the same volume, in accordance with the literature, 16,17,26,30 for two reasons. Firstly, all surgery procedures falling within the t12 -t10 methamers appear well covered by an injection of 1ml/kg of the local anaesthetic solution, if given through the caudal technique. Secondly, in order to assess cardiocirculatory effects accurately it is necessary to use the same volume/kg of local anaesthetic. our study shows that the cardiocirculatory parameters corresponded to normal values in the time spans in which they were carried out. this finding indicates the safety of the used drugs, the correctness of the technique and the adequacy of our protocol. in both groups, as expected, a slight increase in heart rate and pressures was observed at the time of incision and at the waking up. the trend of the heart rate was stable without variations between both groups. the blood pressures, above all the diastolic pressures, while remaining within normal ranges, were significantly lower in children who received ropivacaine compared to those who received levobupivacaine. the study shows a similar heart rate trend in both local anaesthetics. the limited fluctuation in heart rate throughout the whole procedure testifies that the block was efficacious and the interval adopted between the anaesthetic injection and the start of surgery was correct. the dosages and volumes given did not, in fact, produce the negative effects on cardiac innervation (potentially resulting from an extended sympathetic block) that are sometimes observed when both are inappropriate. Simi- Trend of heart rate: comparison between levobupivacaine and ropivacaine groups (differences time by time). no significant difference was identified between groups at any time.
larly we never witnessed the bradycardia that a fortuitous systematic absorption may induce. lastly the low variation in heart rate denotes that blood pressure stayed within the physiological ranges, so the increase in heart rate triggered by hypotension as reflex adjustment was never registered. the incidence of sinus bradycardia reported in other studies concerning caudal anaesthesia using bupivacaine in children is mostly related to toxicity episodes resulting from the intravascular absorption or accidental overdose of the local anaesthetic. 6, 7 Such complications are rarely reported when levobupivacaine or ropivacaine are used. one case report cites bradycardia in a pre-term infant after caudal block with ropivacaine and clonidine. 31 A study on 49 children treated with levobupivacaine describes a single episode of bradycardia, but the cause/effect link is extremely uncertain. 32 More recently, another study in which ropivacaine, bupivacaine and levobupivacaine were given for comparison, mentions an episode of sinus bradycardia in three patients, one in each anaesthetic group. 16 in our study the arterial pressures too, like the heart rate, show a similar trend at the various time points considered independently from the local anaesthetic used: a low decrease in pressure values began after caudal block, a slight increase at the skin incision, a slight decrease during surgery and an increase at the awakening. Such minor changes, with reference to the anaesthesiologic and surgical times considered, reflect a substantially stable trend throughout the entire procedure. the literature shows that arterial pressure decrease during caudal anaesthesia is the result of vasodilation in the anaesthetized body region. the local anaesthetic induced sympathetic block is likely the cause of this vasodilation. nevertheless, in contrast to adults, regional anaesthesia in children is characterized by remarkable haemodynamic stability, even when the level of the block reaches the thoracic dermatomes. Particularly during caudal block, limited cardiovascular modifications are observed also with changes in patient position. this seems to be linked to several factors including: 1) the relatively small venous capacity in the lower extremities of children; 2) the relative lack of resting sympathetic peripheral vascular tone; 3) the reduced parasympathetic activity modulating heart rate in children receiving regional block; 4) the fact that in paediatric age the total vascular resistances can be regulated by the reflex mechanism of vasoconstriction of the innervated areas, activated to maintain blood pressure, which balances the effectiveness of the local anaesthetic induced vasodilation sympathetic block. 33, 34, 35 this last concept has been challenged by a study 36 which suggests that caudal anaesthesia leads to a blood pooling in the denervated lower extremities (caudal blocked areas) and a CArdioCirCulAtorY CoMPAriSon BetWeen leVoBuPiVACAine And roPiVACAine during PAediAtriC CAudAl AnAeStheSiA 139 Figure 4 . Trend of systolic blood pressure: comparison between levobupivacaine and ropivacaine groups (differences time by time). The levobupivacaine group always shows higher values than the ropivacaine group. a significant difference was seen at TS2.
reflex vasoconstriction in the innervated areas. this mechanism has been recently supported by another study. in 48 children who underwent caudal or thoracolumbar epidural anaesthesia through a local anaesthetic mixture combined or not with adrenaline, an increase in cardiac output and a decrease in arterial blood pressure were observed mainly when epinephrine was added to local anaesthetics. the systemic absorption of epinephrine, through the vascular beta-effect, it elicits would probably have limited the reflex mechanism of vasoconstriction. 37 however, a recent study regarding the haemodynamic effects of levobupivacaine 0.25% without adrenaline after paediatric caudal anaesthesia, evaluated by transesophageal doppler, showed a decrease in Co (cardiac output), Ci (cardiac index), PV (peak velocity), SV (stroke volume) probably resulting from the dilation of the venous vessel and the levobupivacaine onset time; the data do not report the effect on hr or blood pressure. the study unfortunately does not compare the haemodynamic effects of levobupivacaine with those obtained with another local anaesthetic, but rather with those obtained through general anaesthesia associated with remifentanil infusion. the haemodynamic trend observed remained within normal physiological values and in any case tended to return to be restored during the subsequent measurements. 18 in our study, considering the two groups time by time, the decrease in pressures is statistically higher in patients treated with ropivacaine than levobupivacaine, above all for the diastolic pressure. this finding has never been reported in the paediatric literature, and is difficult to explain. Further studies, also based on echocardiography, that compare the haemodynamic profile of the two local anaesthetics would be useful. in the ensuing discussion we can only advance certain hypotheses. First of all the general anaesthesia (inhalation/intravenously induction and inhalation maintain) performed in both groups may have influenced the low decrease in arterial pressure, but the technique used was the same for both groups and can not have caused the difference. Physiopathology demonstrates that among the parameters that can modify the diastolic pressure, total vascular resistance has great importance, while systolic blood pressure is affected by parameters related to cardiac performance, such as contractility. 34, 38 during regional anaesthesia, the contractility can be influenced by a direct action of the drug on the myocardium, sometimes present even at low doses, while the vascular resistances are impaired by the direct pharmacologic effect on the blood vessels or by an indirect effect resulting from a fiber-block sympathectomy. 35, 36, 37 A recent experimental study using pressure-volume loops to separate the myocardial from the vascular effects of A. gentili e Coll. 140 Figure 5 . Trend of diastolic blood pressure: comparison between levobupivacaine and ropivacaine groups (differences time by time). higher levels were noted in the levobupivacaine group at each time considered. a significant difference was seen at Ta3, TS2, Ts3, Ts4, Ts5 and Taw.
bupivacaine, levobupivacaine and ropivacaine in rabbits shows that levobupivacaine significantly impaired myocardial contractility at doses that could be delivered in normal clinical practice, whereas ropivacaine did not. levobupivacaine induced a biphasic vascular response, with maximal vasodilatation at a very small dose, thereafter increasing vascular resistance. ropivacaine induces mild vasoconstriction without compromising cardiac output. the data show that vasoconstriction reflex subsequent both to contractility impairment and to vasodilatation resulting from sympathectomy caudal block is more effective with levobupivacaine. 39 A first explanation for lower blood pressure values in the ropivacaine group compared to the levobupivacaine group could be a stronger vasoconstriction reflex of the innervated areas during caudal block with levobupivacaine. this fact could explain the presence of higher vascular resistances and, consequently, lower reduction of arterial pressure values in the levobupivacaine group than in the ropivacaine group. A recent report showed that in women after spinal injection for Caesarean section there is a higher incidence of hypotension using ropivacaine than levobupivacaine. however, the authors supposed that the lowest amount and concentration of levobupivacaine, in association with greater liposolubility may have saved a larger number of beta-fibres leading to a lower sympathetic block. 40 this justification is not applicable to our study considering that the concentration of levobupivacaine is greater than that of ropivacaine. however this study could give rise to a second hypothesis: the different blood pressure values in our two groups may be caused by the different chemical characteristics of the molecules of the two drugs, determining two different phamacokinetics. 12 to exemplify, levobupivacaine is more liposoluble than ropivacaine. this difference together with the vascularity and fat content of the epidural space in paediatric age and the low anaesthetic solution concentration of the drugs used could produce a lesser block of the C-sympathetic nervous fibers in the levobupivacaine group resulting in a lower fall in the blood pressure values compared to the ropivacaine group. Since the studies concerning the pharmacokinetic and pharmacodynamic profile of levobupivacaine give little space to this aspect, 18, 41, 42 further comparative investigations need to be performed in children after levobupivacaine and ropivacaine administration.
Conclusions
Paediatric caudal anaesthesia is an effective method with an very infrequent complication rate. the data of our study led us to formulate cardiovascular hypotheses that, even though supported by some papers, need further investigation. this study confirms the effectiveness and the safety of both agents, ropivacaine and levobupivacaine, when used for caudal anaesthesia. Although these two compounds are similar, they are different enough to present different cardiovascular performance profiles. the different cardiocirculatory findings of the two local anaesthetics should, in fact, be reconsidered before regional anaesthesia in children with high haemodynamic risk.
